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A STUDY OF SERVICE-IMPOSED MANEUVERS OF FOUR JET FIGHTER
ATRPLANES IN RELATION TO THEIR HANDLING QUALITIES
AND CALCUIATED DYNAMIC CHARACTERISTICS

By John P. Meyer end Herold A. Hamer

SUMMARY

Results from a flight program conducted to obtain information on
the sirplane response and actuzl rates and amounts of control motion
used by service pilots in performance of squadron operstional training
missions with jet fighter airplanes are correlszted with the sirplane
handling quelities and calculated maximum dynamic response. The corre-
lation indicates that the service pllots in general msde use of the
static cepepilities of their airplanes over most of the spveed range as
limited either by the control stops or control forces. The maximum
responses measured in these service training operations, however, were
considerably less than the maximum calculated dynamic response. In
longitudinal maneuvers, it is indiceted that the pilots have a tendency
to maneuver the airplene near its natursl frequency.

From the results of the celculstions of maximwm dynemic response for
the North American F-86 airplane, it is indicated that pitching accelera-
tions greater than 16 radians per second per second are theoretically
within the range of the pilot and airplane capabilities, whereas the high-
est value obtained in the tests was sbout 2 radians per second per second.
For laterasl mzneuvers the calculations indicate-thzt the highest vertical-
tail loads for the F-86 airvlane could generally be obtained in fishtail
maneuvers; however, the calculations indicate that, if rolling pull-out
maneuvers were made near the maxImm 1ift coefficient, the vertical-tail
loads cobtained could be greater than those obtained in fishteil meneuvers.
The transverse load factors measured in the present tests were much less
than those theoretiecally obtainable.

INTRODUCTION

In order to obtzin-information on the airplare response and the
semounts and rates of control used by service pilots in operational
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training missions, the National Advisory Committee for Aeronautics with
the cocverstion of the U. S. Alr Force and the Buresu of Aeronsutics,

Navy Department, nas conducted & flight progrem with several jet-propelled
fighter alrplanes Information of this type is needed in order to assist
in improving design-load criteria.

o

In reference 1 the results from this progrem have previously been
sumerized as envelopes of the maximum values of the measured gquantities
end the data were compared with deslgn requirements. In addition, a
limited statisticel analysis was presented. The purpose of this paper
is to correliate the results previously obtained in these tests with the
eirplane stability and handling quelities and compare the maximum values
of the meesured quantities with the theoretical maximum values obtalnsable
in dynamic maneuvers.

SYMBOLS
b wing span, ©t
e wing mean serodynamic chord, ft
C15C2,C3,... constants appearing in lateral equations of motion
Cy rate of change of alrplane rolling-moment coefficient
B with sngle of sideslip, aclfaﬁ, per radian
Cc rate of change of alrplene rolling-moment coefficient
2 rp
P with @b/2v, per radian
Cc rate of change of airplane rolling-moment coefficient
A s
r with ¥b/2V, per radian
CZS rate of change of airplane rolling-moment coefficient
A with total aileron deflection, dC3/%,, per radien
CnB rate of change of airplane yawlng-moment coefficient
with angle of sideslip, oCp/dB, per radian
Cnn rete of change of eirplane yawing—momep$ coefficient
L with @b/2V, per radian
c rete of change of alrplane yawing-moment coefficient

r with b/2V, per radian

Cn6 rate of change of airplane yawlng-moment coefficlent
A with total aileron deflection, OC,/Bj, per radian
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Cy rate of change of airplane lateral-force coefficient with
B angle of sideslip, oCy/OB, per redian

Cmo zero-1ift wing-fuselage pitching-moment coefficient

CmWF wing-fuselage pltching-moment coefficlent

anF wing-fuselsge normal-force coefficient

a distance from airplane center of gravity to serodynsmic

center of wing-fuselage combinstion, £t

Fr elevator stick force, 1b

g acceleration due to gravity, 32.2 ft/sec2

Ix eirplane moment of inertia ebout longitudinal axis,
slug—ft2

IY airplane moment of inertis sbout laterel exis, slug—f‘c2

I alrplene moment of inertis gbout vertical axis, slug—ft2

o airplane product of inertis, slug—ft2

K1,K0,K3,... dimensional constants appearing in longitudinal equations
of motion

Lp horizontal-tall load, 1b

m airplane mass, W/g, slugs

n normel load factor

o initisl value of normal load factor (used in rolling

pull-out solution)

nq transverse or lateral load fsctor
2 2

a dynsmic pressure, 1/2 pV°, 1lb/ft

% impact pressure, 1b/ft2

S total wing ares, £e2

wSEEEETT i
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time, sec

time to roll 90°, sec

true airspeed, ft/sec

indicated airspeed, knots

airplane gross weilght, 1b

distance from sirplane center of gravity to aerodynamic
center of horizontal tail, ft

alrplane angle of sideslip (defined herein as angle
between longitudinal axis and proJection of relative
wind in horizontal plsne of airplane), radisns (except
when noted otherwise)

effective angle of sideslip used in fishtell end rolling
pull-out calculations

time rate of change of angle of sideslip, radians/sec
increment

alleron deflection (total, except when noted otherwise),
radlans (except when noted otherwise)

elevator deflection, radians (except when noted otherwise)

meximum calculated elevator deflection, radlans

elevator deflection limit, radians (except when noted
otherwise)

elevator deflection rate, radians/sec

maximum calculated elevetor deflection rate, radlans/sec

elevator deflection rate limit, radians/sec

.rudder deflection, radians (except when noted otherwise)

pitching angular velocity, radians/sec

OISR Nl
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8 initial value of pitching anguler velocity (used in
rolling pull-out solution), radians/sec

meximum calculated pitching angular velocity, radia.ns/ sec

3] pltching engular acceleration, ra.dia.ns/ sec?

maximum calculated pitching angular acceleration,
rediens/sec?

mass density of air, slug/ft,5
engle of bank, radians
rolling angular velocity, radians/sec

rolling angulsr scceleration, radians/secZ

g'@.l‘&;‘@.‘o

phase angle between pitching anguler acceleration and
incremental normal load factor, deg

1Ir yewing angular velocity, radisns/sec

¥ yewing angular acceleration, radians/ sec?
w angular frequency, radians/sec

W natural angular frequency, radisns/sec

A bar over symbol represents maximim value and l | represents
gbsolute value. )

ATRPLANES

The airplanes for which meessurements were avalleble were service
models of the North American F-86A, McDonnell F2H-2, Republic F-84G,
and lockheed F-94B. All were low-wing Jet-propelled fighter-type air-
planes, the F-86A having a swept wing and empenmage. All were equipped
with hydreulic aileron boost. In addition, the elevator for the F-86A
was hydrsulically boosted and was equipped with an adjustsble stabilizer.
A rate restrictor is also incorporated in the F-86A elevator control
system and restricted the elevator rate to sbout 45° per second.

In the tests, the F-86A and F-94B airplanes were flown, for the

most part, without extermal fuel tanks and the F2H-2 and F-84G airplanes
were flown, for the most part, with external fuel tanks.
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Fxcept for the addition of sideslip and angle-of~-attack booms
neither the external appearance nor the welght end balance of the air-
planes was altered by the addition of the NACA instrumentation. Three-
view drawings of the airplanes sre presented in figure 1. Dimensions
and physical characteristics of the airplanes are given in table 1.

INSTRUMENTATION AND TESTS

The airplanes used durlng the flight program were fully instrumented
with stendard WACA photographically recording instruments which measured
(1) the quantities defining the flight conditions, such ss airspeed and
altitude, (2) the imposed control-surface motions, end (3) the response
of the sirvlane in terms of load fectors, anguler velocitiles, anguler
sccelerations, and angle of sideslip.

The maximum errors estimated For tke messured quantities given in
this paper are as follows:

Control-surfece angle, deg . ¢ « =« v &+ « = = s » s » =« s 2 s » 0.7
Normal load FoctOr o o« o v« o o o o o o o o o « o o a « = o o o 0.1
Transverse load factor « &« & ¢ ¢ ¢ ¢ ¢« o ¢ ¢« « & o« o o o o @« « +0.03

Pitching engular veloclty, radian/sec . . « - + v « « « o « . 10.03
Rolling engular velocity, radian/sec . . « « « v « ¢« ¢ o « o« . t0.15

Yawing angular veloclty, radian/sec . . «. « + v ¢ ¢« ¢ o o o to.02
Pitching angulsr acceleration, radian/sec® . . . . « « . . . . 0.1
Angle of 81desliP, €S « « « + o + o o o o ¢ + « o o o 0 0 o . ro.7

More complete details of the instrumentation are given in reference 1.

All flights obtained during the program were performed by service
pilots undergoing regular squadron overstional training. Data were
recorded contiruocusly throughout a flight and were recorded only during
those Tlights In which the mission was scheduled to include & large
nunber oi maneuvers. The primary missicns were usuelly acrovatles,
ground gunnery, aerial gunnery, or dive-bombing and the maneuvers
recorded during the progrem included most of the tactical maneuvers
that were within the cspabilities of the Individual airplenes. These
maneuvers were perZormed at eltitudes up to approximately 35,000 feet
and at sirspeeds verylng from the stalling alrspeed to the maximum
service limit airspeed. Most of the maneuvers were performed in rela-
tively smooth sir. No attempt was made to specify the type or severity
of maneuvers.

During the test progrem a total flight time of sbout 60 hours was
recorded. However, since the pilots were requested to perform as many

ORI
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maneuvers as practical during each flight the data are believed to be
representative of many more hours than were actually recorded.

A total of L2 service pilots participated with no one pilot
accounting for more than 20 percent of the maneuver time obtained for
the particular make eirplane. Although the pilots were aware of the
instrumentation, it was stressed that this was not to restrict their
normael handling of the airplane since they would not be personally
identified with the test results.

ORGANIZATTION OF DATA AND METHODS OF ANALYSIS

In the presentation of the data the results are presented in three
groups: (1) longitudinal characteristics, (2) rolling characteristics,
and (3) sideslip characteristics. For these three groups the envelopes
of the various quantities obtained in these tests for each airplane are
compared with the airplane stability and control characteristies. Also,
for the longitudinal and sideslip groups, the test envelopes are com-
pared with the maximum vealues theoretically possible under dynamic con-
ditions. In the longitudinal case, calculations are made only for the
F-86A airplane and are compared with overall envelopes representing
boundaries for all the test airplanes. Imn the sideslip group, the cal-
culations are made, for the most part, for the F-86A and F-84 airplsnes
and are compared with the test envelopes of the individual airpleanes.
The calculations for the F-84 airplane are based on earlier models
(A through D) which had a fuselage that was 18 inches shorter tham that
of the test airplane.

In the data plots, only those maximum values which helped to
establish the envelopes are shown. In general, the test boundaries
are established by considering only those maneuvers where controlled
flight is maintained. The envelopes of the data representing other
flight conditions such as low-speed stalls, snap rolls, and lateral
oscillations are also shown, superimposed on the main test boundary.
Further discussion regarding the basic data and the construction of the
envelopes, both for the individual airplanes and the combination rep-
resenting all the test airplanes, may be found in reference 1.

RESULTS AND DISCUSSION

The results presented in this paper for the F-86A, F2H-2, F-84q,
and the F-94B airplanes are compared with the results of tests pre-
sented in references 2 to 8. In some cases the airplanes from these
references are not the same models as those used in the present flight
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program. However, the dimensions and physical characteristies for
each type alrplane are the same, except for minor differences in some
of the airplanes regarding external-fuel-tank location. -

Since many of the quantities to be discussed are related to and
limited by the airplane V-n diagram, the maximum positive and negative
normal load factors and corresponding indicated airspeeds reached with
each airplane were taken from reference 1 and are presented as figure 2
in this paper.

Iongitudinal Characteristics

Elevator position and force.- The envelopes of maximum elevator
angles obtained are shown in figure 3. Also shown in figure 3 are the
elevator angles necessary to reach the V-n envelope in gradual maneuvers
as derived from references 2, 5, 7, and 8. For the F-86A airplane
values ere shown for stabilizer angles of 0° and 2°, airplene nose up,
which correspond to the minimum and average trim stabilizer angles used
in these tests, respectively. It may be noted from figure 3 that the
elevator angles used equaled or exceeded the static values necessary
to reach the limits of the V-n diagram in the reglons where these limits
(see fig. 2) were reached in the operational maneuvers. The angles .
shown above the static curve were associated with more rapid maneuvers
such as abrupt pull-outs, turns, and rolls where a larger elevator
angle was used then was necessary to reach a given steady value of load -
factor.

Since stick forces were not measured in the present tests the
forces were derived from stick force data of references 3, 5, 7, and 8
and are presented in figure 4. In figure L the maximum elevator stick
forces necessary to reach the V-n envelope at low altitudes are com-
pared with the minimum &nd maximum force requirements of references 9
and 10. The stick forces for all the test airplanes were within the
maximum and minimum stick force requirements except for the F-84G air-
plane vwhere the elevator forces would appear to be higher than the
maximum forces specified by the requirements. The stick forces required (
for the F-86A ailrplane to reach the V-n envelope appear to be within
the limits given by the requirements; however, the curve shown does not
indicate the stick force reversal which occurs at the pitch up. At
high altitudes the stick forces at the limits of the V-n dilagram are
very low because of this force reversal. In the present tests the test
airplane did encounter pitch up but at altitudes less than 15,000 feet.
The elevator stlick forces for the F2H-2 and F-OQLB airplanes are near
the minimum requirement at high speeds.

Pitching acceleration.- Pitching angular acceleration 1s one of .
the important parameters in the determination of horizontal-tall loads.

LONT DTl N
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If the rolling and yawing motions of the airplane are small, the
horizontal-tail load in any maneuver could be given by

IT=Cm°qS-;—t-+nW%-%.é (1)

or
(2)

Thus, if the maximum pitching accelerations could be predicted, the
maximum inerementel horizontal-tail loads could be calculated. TIn
reference 1 the meximum pitching accelerations obtained in operational
training are compared with several design methods or requirements.
This plot taken from reference 1 is shown in figure 5 as a matier of
interest. The curves for the deslign methods or requirements shown in
figure 5 are either empirical or hased on performing a single abrupt
maneuvc)er to the limit load factor from 1 g flight. (Refs. 1 and 11
to 15.

In order to show the theoretical maximum pitching acceleration
obtainable in flight, calculations were made for the F-86 airplane in
which the airplane was maneuvered sinusoidally to the load-factor limits.

In these computations the equation of motion was expressed as in
reference 16.

B+ Kjh + KpAn = KBy + Kgby + Kobg (3)
and in terms of @ as
-y - t
9+Kle+K2AB=K5ASE+K6fA5Edt (&)
0

The amplitude ratio |ZEYZ§E\ for a sinusoidal-~control motion may be
shown ©to be

Kang + (K7 - ng?)Z

(K2 - m2)2 + K;%aP 2

SR

SRRl



10 A ] NACA RM IS55E19

The amplitude ratio IEVZEE'

3 i [’ K2 + Ksem@ ©

ZgE V(Ka - 0.)2)2 + Kleﬂ)z

and the amplitude ratio EYZEEI

5| |2l K52“’2)
= 53 (n
L5 \/(KE - (.) + Kl
The phase angle between ® and n is then
K K
¢9 = ta,n-l 6 -t-,a,n-l ._E_D__ (8)

The stability derivatives for the K constents required in the above
equations were obtained from wind-tunnel tests. (See refs. 17 and 18.)

Typlcal frequency-response curves calculated for the Fu86 airnlane
are shown in figure 6 for a speed of 300 knots at sea level.

absolute values for the amplitude ratios ‘ ‘, lq/_L A %/_E\
are shown as well as the phase angle between 9

In figure 7 calculated values of the elevaetor angle, maximum
elevator raete, maximum pitching velocity, and maximum pitching accel-
eration are shown plotted agalnst angular frequency. These values
were obtained from the frequency-response curves given in figure 6 for
& sinusoidal maneuver from a load factor of -3 to a load factor of T7.33
at an alrspeed of 300 knots at sea level. It can be seen that the mex-~
imum pitching accelerstion increases throughout the frequency range
shown and would finally be limited either by the amount of elevator
avallable or by the highest elevator rate obtainable. The largest ele-
vator angle avallable was 0.458 radian (26.25°) and the highest elevator
rate was assumed to be 3.5 radians per second (200° per second). Also
indicated in figure 7 1s the maximum pitching acceleration for an
elevator rate of 0.785 radian per second (L45° per second) which corre-
sponds to the maximum elevator rete obtainable with F-86A airplenes
equipped with elevator rate restrictors.

Calculations similar to those of figures 6 and T were made for
the F-86A airplane for several additionel airspeeds at sea level and for
an airspeed of 400 knots at 20,000 feet. The results are shown plotted
against airspeed in figures 8 to 10 along with the results obtained in
the test program with operational airplanes.

SONLDERN A
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In figure 8 the maximum calculated pitching acceleration is showm
for two cases. In the first case the airplane is maneuvered sinusoidally
from its negative load-factor limits to its positive load-factor limits
as defined by the V-n diagram. (See fig. 2.) At low speeds the maximum
load factors are associated with maximum lift and at high speeds the
maximum load factors are the design limit load factors (-3 and 7.33).

In the second case the airplane is maneuvered sinusoidally from the

1 g level-flight coundition to its positive maximum loed-factor limits.

The maximum pitching accelerations shown for the two cases are limited

by reaching the elevator deflection limit (0.458 radian) or by reaching

the highest possible elevator rates (3.5 radians per second or 0.785 radien
per second).

It may be seen in figure 8 that meaximum pitching accelerations as
high as 16 radians per second per second are theoretically possible and,
as indicated in figure 6, the meximum negative pitching acceleration
would be approximately in phase with the maximum positive normal loed
factor (and vice versa). This condition results in maximum horizontal-
tail loads in subsonic flight. It may be noted that the points shown
Tor an altitude of 20,000 feet are approximately the same as those for
sea-level conditions when plotted against indiceted ailrspeed.

In figure 9 maximum pitching accelerations are shown for & sinus-
oidal meneuver at two constant angular frequencies and at the natural
frequency of the airplane. Also shown 1s the test boundary from the
present tests. Pilitching accelerations are shown for angular frequencies
of 6.28 and 3.1% radians per second which correspond to a time to reach
maximum load factor of 0.5 second and 1 second, respectively, and for

the undamped natural frequency of the airplsne w = VKQ.

It can be seen in figure 9 that the maximum pitching acceleration
at a constant angular frequency decreases with airspeed at the higher
speeds whereas the maximum pitching acceleration at the eirplane natural
frequency is proportional to the load factor and remeins about the same
at speeds above that of the upper left-hand corner of the V-n diagram.
It is of interest to note that the meximum pitching accelerations
obtained in the present tests of service airplanes are spproximately
the same as those calculeted at the airplane undamped natural frequency
at speeds up to 350 knots. This result would tend to confirm the belief
that pilots have a tendency to maneuver the airplane near its natural
frequency. At the higher speeds the natural frequency is higher and
therefore the time to reach maximum load factor would be less than at
low speeds. The lower values of the experimental pitching accelerations
at the higher speeds are probably due to the hesitancy of pllots to
perform repid high load-factor meneuvers at high speeds.

The verlation of maximum piitching acceleration in maneuvering from
1 g to the positive load-factor limits is shown in figure 10. Values are

SN IR,
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shown for the case of figure 8 where the pitching acceleration is
limited either by reaching the elevator limits or by reaching a limiting
elevator rate, for the case of figure 9 where the pitching acceleration
i1s shown for a constant angular frequency, and for the case where the
airplane is maneuvered at its natural frequency. Also shown are the
maximum pilitching accelerations celculated by the method of reference 11
in which the alrplane is meneuvered from 1 g to l1ts positive load-factor
limits with 2 minimum time to reach the meximun load factor of ebout

0.5 second as well as the maximum pitching accelerations measured in

the service training operations.

In figure 10 it 1s noted that the maximum pitching accelerations
calculaeted by maneuvering the airplene sinusoldally at & constant angular
frequency of 6.28 radians per second are approximately the same as those
of the method of reference 11. In both cases the time %o reach meximum
load factor is about 0.5 second. The maximum pitching acceleration that
could be reached with the limlt elevator rate, however, is almost three
times as high as that calculated for a very abrupt maneuver or with an
angular frequency of 6.28 radians per second. The maximum pitching
accelerations measured in the present test program and the pitching
accelerations calculsted at the airplane natural frequency are less
than one half the values that could be obtained in an abrupt maneuver
or & pitching oscillation at o = 6.28 radians per second.

It is evident that values of the pitching acceleration as high as
16 radians per second per second calculated by using the limiting
characteristics of the pilot and airplane are probably unreassonable to
use 1n tailil-load design since the maneuvers necessary to produce such
accelerations would be of negligible order of probabllity. On the other
hand, the meximum pitching accelerations of from 5 to 6 redisns per second
per second shown in figure 10 obtained by the method of reference 11 or
by using a constant value of the angular frequency o = 6.28 are values
that could be reached if the pilots maneuvered the airplene in the
manner specified. Pitching accelerations of this order have been obtained
in research and structural integrity flight tests of fighter airplanes.
In the present limited tests of Jjet fighter alrplanes, it is indicated
that the pllots tend to maneuver their alirplanes near the airplane
natural frequency which involves maximum pitching accelerations of less
than three radians per second per second.

Pitching angular veloeclty.- In figure 11 the maximum calculated
pitching velocitles are compared with the experimental values obtained
in service training operations. The maximum calculated pltchling veloc-
ities were obtained in & pitching oscillation from the negative losd-
factor limit to the positive load-factor 1limit and from 1 g to the
positive load-factor limit by using the limiting elevator angles or
rates. Also shown ere the values for meximum pitching velocities cal-
culated for a constant angular frequency of 6.28 radians per second,
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the values calculated for the airplane natural frequency, and the values
calculated by the method of reference 11 for a time to reach a peak load
factor of ebout 0.5 second.

Tt may be seen that pitching velocitles as high as 1.6 radians per
second may be obtained within the limitetions of the pilot and airplane.
In abrupt pull-ups and at a. constant pitching angular frequency of
6.28 radians per second, pitching velocities of sabout 1 radian per sec-
ond are possible. Except in stalls, the highest pitching veloeity
measured in the present tests was gbout 0.5 radian per second. As was
the case for pitching acceleration the pitching velocities calculated
at the airplane natural frequency are near the experimentel values
except at the higher speeds.

Rolling Characteristics

Alleron angles.- The maximum aileron angles obtained in the service
operational training are shown in figure 12 as well as the maximum
angles available as derived from references 4, 6, 7, and 8. The mexi-
mum available sileron angle shown is, for low speeds, the full aileron
deflection and, for higher speeds, the aileron deflection as limited by
30 pounds stick force or maximum boost. The F-84G airplane was the only
airplane to use full aileron and these points were mostly obtained in
stalls at low speeds. The F-86, the F-84, and the F-9% aileron angles
used appeared to be limited by aileron forces or boost limitations at
high speeds. The aileron angles used with the FZ2H airplane reached
the limits only in a narrow speed range near 350 knots.

fo/2V.~ The maximum velues of the helix angle f@b/2V obtained in
the present tests are shown in figure 13 along with the maximum values
cbtainable in abrupt aileron rolls from level flight (refs. 4, 6, T,
and 8). The values of @b/2V shown correspond to the aileron angles
given in figure '12. At the highest speeds all the test sairplanes, with
the exception of the F2H eirplane, reached or approeched the maximum
values obtainable in abrupt aileron rolls. The FZ2H airplane did not
approach its rolling capabilities except 1n a small speed range near
350 knots. The F-86 airplane did not make use of its full rolling
capabilities at speeds below 300 knots whereas the F-84 and F-94 air-
planes approached or reached their rolling capabllities at all speeds.
Very high values of ﬁb/EV were measured with the F-84 airplsne in
uncontrolled maneuvers (snap rolls end stalls) which exceeded the values
that would be obtained in abrupt aileron rolls from level flight.

It can be seen in figure 13 that all the test airplanes used maxi-
mum values of ¢b/2V up to 0.07 or 0.08 at speeds less than 300 knots
even though higher values could have been reached for the F-86 and
F2H airplanes.

SN
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Rolling velceity.- The maximum rolling velocities measured in the
operational training program are shown in figure 14 in addition to the
maximum rolling velocities obtainable in alleron rolls from level flight
a2t sea level and at an altitude of 30,000 feet. The experimental val-
ues shown were obtained under accelerated flight as well as level-flight
conditions. The maximum rolling velocities reached were from about 2.0
to 2.4 radians per second in comtrolled flight except for the F2H air-
plane where maximum rolling wveloclities of about 1.7 radians per second
were reached. In mcontrolled flight rolling velocities up to 3.5 rad-
ians per second were obtalned with the F-84:G airplane. It may be noted
that the experimental data approximate the shapes of the maximum curves
fairly well with the exception of the F2H airplane at high speeds.

Time to roll 90°.- In figure 15 the minirmum times to roll 90° in
the present tests with service airplanes are compared with the minimum
times to roll 90° for each of the airplanes calculated with a hypothet-
ical rolling maneuver where the rolling velocity was a step function.
The step rolling velocities used are those labeled limit in figure 1&.
For the F-94 airplane the curve for 30,000 feet is also shown, and for
the F-8L asirvplane curves are shown for wing-tip tanks on and off. The
minimum time required to roll 90o varied from 1 to 1.5 seconds for the
test airplanes whereas the absolute minimum varies from about 0.6 to
1.0 second for sea-level condltions.

Sideslip Characteristics

Rudder angle.- The maximum rudder angles measured in the tests

during service operational training are shown in figure 16 as well as

the limit rudder angle and the rudder angle for 180 pounds pedal force

as derived from references 4, 6, 7, end 8. The rudder angles used were
less than the meximum available rudder angles except in stalled maneuvers
where the limits were approached or reached with F-86 and F-84% airplanes;
however, at airspeeds above 250 knots it is indicated that the rudder
angles used were limited by high pedal forces for the test airplanes.

Sideslip angle.- The maximum sideslip angles measured are shown in
figure 17 in addition to the sideslip angles cobtainable in steady side-
slips as limited either by reaching the rudder-angle limits or 180 pounds
pedal force. Above an alrspeed of about 250 knots, the sideslip angles
reached or exceeded the sideslip angles for 180 pound pedzl force for
all the test airplanes. Most of these large sideslip angles were obtained
in rolling maneuvers. At the lower speeds the sideslip angles reached
with the test airplanes did not approach these limits except for the
F-84G airplane in stalls. (It should be noted that, as indicated in
reference 1, sideslip angles were not measured in all the flights with
the F-86A airplane.)
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Comparison of maximum measured sideslip characteristics with maxi-
mum theoretical values.- The maximum measured sideslip characteristics
are compared with maximum calculated values obtainable in fishtall and
rolling pull-out maneuvers in figures 18 to 27. The maximum calculated
peak values of the amplitude ratios |E/Shi and |¢/5h| for the F-86A

and F-84 airplanes in level-flight fishtail meneuvers were obtained
directly from reference 19 and are determined for the frequency response
to a sinusoidal rudder input at altitudes of 1,000 and 20,000 feet. The
meximum values of B and V¥ were obtained for the maximum rudder angles
as limited by the rudder-angle limits or by reaching 180 pounds rudder
pedal force. (See fig. 16.) Values of maximum V¥ were then calculated
from the expression

i

B2 QEAA &
SR

B8R

(9)

For the rolling pull-ocut maneuvers, calculations were made only
for the F-86A airplane at an altitude of 1,000 feet and 20,000 feet.
As in reference 20, the calculations were based on the three nonlinear
lateral equations of motion:

I - IV - ( - IZ)G\Lr - (CzBB + 01 #o + C E)qu = Cqy Bpash

v Tlr 2y, A
(10)
IZ\V - Ipf - (I IY)BQS (C B+ Cy 55 o, Cn, g"}) Sb = cnsAaAqu
(11)
V(g + ¥) - wp - Gy BaS = O (12)

These equations were linearized by assuming that the pitching veloecity
was constant and equal to

_ (g - Vg
° v

De

(13)

The cross-coupled inertis terms were then included as additions to Cin
and Cnp in equations (10) and (11). Solutions were obtained over the
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speed range by using the Reeves Electric Analog Computer (REAC) for
rolling pull-outs at the maximum load factor as given by the V-n diagram
of figure 2. A step aileron input was used which was equal to the maxi-~
mum aileron angle as limited either by full throw or by 30 pounds stick
force. (See fig. 12.) Tt was assumed that the rudder was held fixed
and that the pitching velocity was constant. The maximum values of the
parameters shown are given at the first pesak in the oscillation because
subsequent peaks usually were unreliable since the angles involved
exceeded the range for which equations (10) to (12) are valid. 'the
derivetives used in equations (10) to (12) were obtalned from refer-
ences 19 and 21.

Meximum calculated vslues of D obtainable in fishtail maneuvers

for the F-86A and F-8% airplanes were obtained by determining the ratio
lET/SﬁI to |375h| at the natural frequency, which 1s approximately

= g5 ,

The amplitude ratios may be expressed as

I_E_ - (08 - C6‘°2)I2 + (CL' 05“’3) : (15)
(cnh' - Cou® + Ch)2 + (0303 - cl&)a

and

(6 - 12 + 0pg)” + (09 - 0179)° (16)
\J (cnl+ - Coof + ch)a + (03‘” - Clmj)z

Mexirmum values of np obtainable in rolling pull-out masneuvers for the
F-86A airplane were obtained by using the approximate relationship:

Br
5

m|-

CYBBq
np = ——w/s (17)

The constants in equations (15) and (16) are defined as in reference 22.
In solving these equations, values for the derivatives were obtained
from references 19 and 21.
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Sideslip angle: The test boundaries along with the calculated
values of sideslip angle in fishtalls are shown in figures 18 and 19
for the F-86A and F-84G sirplanes, respectively. Calculated values of
sideslip angle in rolling pull-outs are also shown for the F-864A in
figure 18. The angles of sideslip obtainable in fishtails sppear to
be about 3 to 4 times as great as those reached with the service air-
planes. For the F-86 airplane it can be seen in figure 18 that the
sideslip angles cobtainable in rolling pull-outs are lower than those
obteinable in fishtails above an airspeed of 330 knots. Below this
speed. the maximum angles of sideslip calculated in rolling pull-outs
inereased rapidly and were greater than those obtainable in fishtail
maneuvers. The values of the maximum sideslip angle cbtainable in
rolling pull-outs are not shown at lower speeds since the angles of
sideslip and roll obtained from the calculations were much larger than
those for which equations (10) to (12) are valid. The results indicated,
however, that the maximum sideslip angle in rolling pull-outs increased
with airspeed and reached a peak at about 300 knots and then decreased
abruptly as shown in figure 18.

Ba and transverse load factor: In figures 20 and 21 sre shown
the values of the parsmeter pqg for the F-86A and F-84G airplanes and
in figures 22 and 23 the transverse load factors for the two airplanes
are shown. The parameter Bq 1is given since it is roughly proportional
to the vertical-tail load. For sideslip angles greater than 10°, the
parameter fq is based on an effective value of B; that is, the value
of the sideslip angle is reduced in proportion to the decrease in slope
of the lateral-force curve with sideslip angle. The variation of the
effective sideslip angle Boppe used with the true sideslip angle B
is shown in figure 20. It can be noted that the maximum 1ift on the
vertical surface is assumed to ocecur at a sideslip angle of 25°. The
trangverse load factors have also been corrected for maximum 1ift and
nonlinearity in the side-force curve in a similar manner.

It is indicated in figures 20 to 23 that the side loads obtalnasble
in fishtail and rolling pull-ocut maneuvers ere considersbly greater
than those obtained in the tests in service operations. For the F-86
airplane it can be seen in figure 22 that side loads were obtained in
uncontrolled lateral oscillations which were equal in magnitude to those
obtained in controlled maneuvers.

From the caleulations of fishtail and rolling pull-out maneuvers
for the F-86 airplane it is indicated that the largest side loads are
produced in fishtail maneuvers at the higher speeds. Below an airspeed
of about 330 knots, however, it is indicated that the rolling pull-out
is the critical maneuver. The sbrupt increase in side load in rolling
pull-outs at these speeds for the particular airplene is caused by the
maneuver being performed near maximum 1lift where the lateral derivatives
have large changes with angle of attack.

—CSNPERmyREY,
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Yawing velocity and acceleration: The maximum yswing velocities
for the 7-86A and F-8LG airplanes are skown in figures 2 and 25, respec-
tively, and the yawing anguzlar accelerations sre shown in figures 26
and 27, respectively. Az was the cese for the other lsteral parameters,
the maximum values of yawing velocity and acceleration obtained in tre
service tests were considerably below tre maximum calculated values
except for the yawing velocities in the calculated rolling pull-ocut
maneuver for the F-85 airplane. (See fig. 24.) In this case the maxi-
mum yewing velocities obtained in the service tests approached those
calculated Tfor the rolling pull-out maneuver at the highest speeds.
Agein 1t can be noted in figures 2& and 26 that the celculated results
indicate that the highest yawing velocities end sccelerations are obtained
in fishtall maneuvers at nigh speeds but that rolling pull-outs may result
in higher valueg a% lower speeds.

CONCLUDING R=ZMARKS

From the results of this paper it is indicated that the service
plicts in general mede use of the static capabilities of thelr airplanes
over most of the speed range ez limited by control stops or control

orces. The naximun response obtained in these service training over-
ations, however, wes considerably less than the theoretically cbtzin-
able maximur dynemic response. It is indicated that the pilots have
a tendexncy tc maneuver the airplane longitudinally near 1ts natural
frequency.

The resulits of the calculatio=s of maximun dynamic response indi-
cate that pitching accelerations grester than 16 radians per seccnd per
second are theoretically within the rarge of pilot and airplane capa-
bilities for the F-86 airplsne whereas the highest value obtained in
the present tests was about 2 radisns per gecond per second. For lateral
reneuvers it is indicated that the khighest vertical-tail loads for the
P-86 sirplane would generally be obtained in fishtell mesneuvers; however,
when rolling pull-out meneuvers were made near the maximum 1ift coef-
ficient the vertical-tail loads cobtained could be considerably greater
then those obtained in fishtail maneuvers. The transverse load factors
measured in the present tests were much less than those theoretically
obtaingble.

Langley Aeronsutical Yaboratory,
National Advisory Committee for Aeronsutics,
Largley Field, Va., April 29, 1955.

]
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TAFLS I.- DIMENEICNS AND PR{SICAL CHARACTERISTICS OF TRE TEST AIRPLANES

AM>rrliare
Compznent Itexm Unit -
F-8oA Feg-2 Fa3kG F-74B
Serial n_mres oyt tgjﬂ} a2 USAF 51-835 USaF 5i-5380A
Totsl area (i12lading poriicn ~ . -
cevered by n.seug,:}" 8g Tt 261.% o9 .1 261.0 258.0
Span {witnout tlp tants) in. hhs % 500.8 k38.8 ¥51.5
Moun perod;saic chond e, 37.0 8.4 8.8 5.6
Lazercl locasicn of mean
gersdsnomic enord =ormal o in. s8.T 1°:.0 38.3 92.0
fazeluge relercuce 1. r
Yertical lccatlion of acan
aercdyn.cic ckord sorasl to
aall-.o‘i;lc: fizelege in. 25.7T 0.k 2.1 15.k
referecte lirve
Distance frcm asse o “eadirg
edge of mean ger ale in. 183 197.0 169.6 219.9
Wing cherd .
Repect ratilo 79 5.8 =.10 5.96
Toper rotic, Lai CHOTS 0.5z 0.52 0.5T 0.38
Rooct choxd
Sdeegtsce cf 25-percent-
choce iice Brpersen deg 3. ——— ————
Ircidence of root chard deg 1.0 =0.5 a.0 1.0
tip czoxd deg -—.0 -0.5 -2.0 =0.5
2eg 3.c 3.0 5.0 5.5
Root pirfeil secticn leﬁd?gﬁ;.?‘ NACA 65,-212 f:?;:zc-ézta-thzak) NACA 635170-213
4 irfcil section RACA 0CL--6k Sa Bk ,h5-1512-.3
1p eirfell section (modizied) HACA S3-209 (12 _-::er:;;: <hick]) WiCA 651127215
Totel area (oze} sq £t 16.6 9.4 16.2 8.8
Mlexco
Static Stmiz = Up 135 Up 26 Up 17.2 Up 20
Static mizs of traved deg .‘15 n 20 5.2 Down 20
Mctal area (incicding
portion asvered by 57 £t 35.0 £.8 K8.% »r.8
fusciage)
Span in. 153.0 22..7 173.3 195.0
Mean aerodjmexic chord ia. 3%.T k. k0.1 38.2
Lateral lccation of nean
perodmamis cherd normal in, 38.5 k3.6 k1.5 38.5
=2 fugselrge Teference lire
Vertical locaticn of meen
aercdyramic ckord rcrmal o
end abcve fucelage in. 23.5 58.0 1.5 28,k
referezce line
Herizcnial
toll Tail lengtz (25 pecent o
wing M.A.C. to 25 percent in. e22.3 203.° 217.0 10.5
of aorizcrisl-tell M.A.C.)
Aspect rasls k.65 L.55 255 5.75
Taper ratla, fm 0.k5 0.50 a.56 .36
Swoepzuck cf 28-percent- = — ——— ——————
oncrd iine des -5
Iceiderce 2eg Ad juszable a.k Q.9 o5
H Dikeldral deg 10.¢ Q.0 5.0 0.0
Mrfoll gection WACA 0010-6k NACA 65¢30)-0L1 Rh,h0-020 NACA §5-010
Total erea {cze) 8q 2% 5.1 9.4 8.5 R
Blevator i1 Up 35 tp 15 Up 25 Up 38
statze Luaths deg I Down 17.5 Dewa 15 Do 10 Dewa 17.5
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TAZLE IL.- DIMZRSIONS AND PdYSICAL CHARACTERISTICE OF THE 1EST AIRPLANZS - Concluded

Alxplare
Comzoment Itex Unit —_— I
' F-864 FE-2 ' F-840 F=34B
_,:__' " ' Lesdirg-edge Lixtts of e fop 1.3 o
S=collizer travel d=g o le Fized Fixed Fixed
- - -
Total ares (iacluding H
porzior sbove fuselage -
and exclaifng dorsal sg It ' 3.4 33.9 30.9 22.5%
' or versral area)
1
i T -
Epan {from fuselcge ' B
cortour § za. 90.2 gs.0 8.0 T7.0 }
| Mean acrslyremic chord : . 57.5 67.3 63.0 18.3
i VYertizal location of meer
saroéyraric chord above . 8.5 37.6 8.3 25.5
fugslege ccntowr i
Versicar tary | Veriical locatiaz of acen I | .
rilcal serodyrenic chord norma> - ..
to and above faselage . 5.7 7.6 42.5 56.1
refererce line
Tail lergth {25 percent of
wirg M.A.C. T¢c 25 pevcert ir. .3 2054 218.3 195.5
ef verticaletall M.A.C.)
Aszeet raiio LT i, 1 B 2.2% 1.83
Teper vatlo, —e2chord 0.36 0.45 0.39
Reot caord
: _— —_— -
, Swesrtacs cf Z5-percent- 1
+ ckord Line P . o 3.0 I
Alrfoll section NACA 00311-E4 05{’:2‘;501.,_ Rl ,%40-020 NACA 65-010
Total area sg ft 8.1 10.1 10.0 5.3
Jadder
. g Rigkt 27.5% Right 20 Rigkt 23%.5
| Statle lxits deg Lefs 27.5 Zeft 20 left 23.5
L o
| Total length {exclueding . e
rcse beam) in. L3 I-Rh 481.8 461.k LB81.5
Fuceloge | Maxirum widih in. 60.0 5.3 9.9 =6.0
Frontal eres (excluding 5q £t 2¢.0 {approx.) 15.7 17.6 17.0 (opprox.)
cznoxy)
otas o £
Spaed brakes | ota oTfeetive froctol 5q £t 8.6 tncluding 3.4 5.0
: cutouts
H Welght empty (one) 1b ! 200 178 150
' Tip tanis
Copacisy {one) gal | mm—— ————— 200 230 250
weighl arl | Measured sirplane welght B : a1, 270 biT,5he bys, 40 812,160
loeation of 1
canzar of Center—of-gravity eracrt | .
sevily ! locatfen correspending PH';’"C“ I 20.8 25.8 : 23.8 27.5
n'ull sexrvice) tc gsbove welght e ' .
Corresponding weizht i ' 212,500 516,520 515,140 213,650
Datizazed —— =
mogents cf Ix (rel1) slug-re2 | 6,700 i 15,000 18,600 11,500
inerila for L - - J—
weight as Ir (pitch) slug-f1.2 16,50¢ ! 26,300 21,300 26,600
glven T
2 (yav) alug-t2 i 21,700 : 42,700 38,900 37,800
T T
H . Allison
Peverplat ! Gemerasl Tleciric | “'e"("ff",g"“’"“ Alison |, J-33-A-33
N ~35-1 i th aft
i f - J-34-WE-34 T “tgr;:;rb

¥¥e externnl torks. .
bofp tanks on but eopty.
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Figure 9.~ Comparison of test results with maximum caleulated piteching
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within the V-n diagram at sea level. (Symbols are for altitude of
20,000 feet.)
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Figure 10.~ Comparison of test results with maximum calculated pitching
asccelerations obtained by maneuvering the F-86A alrplane sinusoidally
between a load factor of 1 and the upper limit of the design V-n dia-
gram st sea level.
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Figure 12.- Comparison of test results with maximum up or down aileron
angles obtainable in abrupt aileron rolls.
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Figure 18.- Comparison of test results for the F-86A alrplane with
maximum calculated values of sideslip durilng fishtall and rolling
pull-out maneuvers.
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Figure 19.- Compsrison of test results for the F-84 airplane with
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Figure 20.- Comperison of test results for the F-86A airplane with
maximum calculated values of vertical-tail loed parsmeter fq
during fishtail end rolling pull-out maneuvers.
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Figure 21.- Comparison of test results for the F-8% airplane with
maXximum celeculated values of vertical-taill load parameter Bq
during fishtail maneuvers.
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Figure 22.- Comparison of test results for the F-86A sirplane with
maximum calculated values of transverse load factor during fisn-
taill and rolling pull-out maneuvers.
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Figure 23.- Comparison of test results for the F-84% airplane with
maximum caleculated values of transverse load factor during fish-
tail maneuvers.
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Figure 24.- Comparison of test resulis for the F-86A airplane with
maxirum calculated velues of yawing velocity during fisntauil end
rolling pull-out maneuvers.
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Figure 25.- Comparison of test results for the F-84 airplane with
maximum calculated values of yawing velocity during fishtail
maneuvers.
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Figure 26.- Comparison of test resulis for the F-86A airplane with
neximum calculated values of yawing acceleration during fishtail
and rolling pull-out maneuvers.
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